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An Eafie Dentonftration of the Analogy of the 
Logarithmic^ Tangents to the Meridian Line or 
fum of the Secants : with varitm* Methods 
for computing the fame to the utmoji ExaSl 
nefs y by E, Halley. 

T is now near ioo Years fmce oar Worthy Country man 
Mr. Edward Wright publifhed his Correffipn *>f JLfrors m 
Navigation, a Book well deferring the perulal of all fuch as 
defiign to ufe the Sea. Therein he corifiders the Courfe of a 
Ship on the Globe, ft earing obliquely to the Meridian j and 
having Ihewn, that the Departure from -the Meridian, is in all 
cafes tels than the Difference of Longitude, .ia,the-rW#*cf Ra- 
dm to thefeeant of the Latitude, he concludes, That thefcra 
of the Secants of each point in the Quadrant b&ing added fcc- 
ceffively, would exhibit a Line divided into Spaces, fuch as 
the intervals of the parallels of Latitude ou^ht to be in a true 
Sea Chart, whereon the Meridians are made parallel Lines, 
and the Rhombs or Oblique Courfes repreiented by right 
Lines. This is commonly known by the name of the Meri- 
dian Line, which though it generally be called Mer caters, was 
yet undoubtedly Mr. Wrights Invention, ( as he has made it 
appear in his Preface* ) And the Table thereof is to be 
met with in moft Books treating of Navigation, computed 
with fufficient exa<9:ne(s for the purpole. 

It wasfirft difcovered by chance, and as far as I can learn, 
firft publiftt by Mir. Henry Bond, as an addition to Norwoods 
Epitome of Navigation, about yo Years fince, that the Meri- 
dian LinevPas \ Analogous to a Scale of Logarithmick Tangents of 
half the Complements of the Latitudes. The difficulty to. prove 
the truth of this P^opofition> feemed fiich to Mr. Mercator, 
the Author of Logarithmotechnia, that he propofed to wager 
a good fum of Money, againft wholb would fairly under- 
take it, that hefhould not demonftrate either, that it was 
true or falle; And about that time Mr. John Collins, holding 
a Correlpondence with all the Eminent Mathematicians of 
the Age, did excite them to this Enquiry. 

The 
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The firft that demonftrated the faid Analogy, was the ex- 
cellent Mr. James Gregory in his Exercitationes Geometric*?, 
publifhed Anno 166$. which he did, not without a long train 
of Confluences and Complication of Proportions, where- 
by the evidence of the Demonftration is in a great meafure 
loft, and the Reader wearied before he attain h* Nor with 
lefs work and apparatus hath the celebrated D'r, Barrow m his 
Geometrical Lettutes ( Led. XI. App, L ) proved, tha? the 
Sum of all the Secants of any arch is analogous t cr.e Loga- 
rithm of the ratio of Radius -J- Sme to JW. — S*w, c: which 
is all one, that the Meridional parts arifwering to any degree 
of Latitude, areas the Logarithms of the rattones ofthcVer- 
fed Sines of the diftances from both the PWe/. Since which 
the incomparable Dr. #W/*j f on occafion of a paralogifm 
committed by one Mr. Norris in this matter ) has more ful- 
ly and clearly handled this Argument, as may be feet* in 
Num. 176. of thefe Tranfattions. But neither Dr. Wallis 
nor Dr. Barrow in their faid Treaties have any where touch- 
ed upon the aforefaid relation of the Meridian-line to the 
Logarithmick Tangent ; nor hath any one, that I know of, yet 
discovered the Rule for computing independently the inter- 
val of the Meridional parts, anfwering to any two given La- 
titudes. 

Wherefore having attained, as I conceive, a very facile 
afcd natural demonftration of the faid Analogy, and having 
found out the Rule for exhibiting the difference of Meridional 
parts, between any two parallels of Latitude, without finding 
both the Numbers whereof they are the difference : I hope 
I may be entituled to a fliare in the emprovements of this ule- 
ful part of Geometry. Defiring no other favour of feme 
Mathematical Pretenders, than that they think fit to be fo 
juft, as neither to attribute my defire to pleafe the Honou- 
rable the Royal Society in thefe Exercifes } to any kind of Vanity 
or Love of Applaufe iri me, ( who too well know how very 
few thefe things oblige, and how fmall reward they procure) 
nor yet ^oco^plam tiraprnon judice, that I arrogite to my 
felf the Indentions of other*, and, upon that pretext to de- 
predate what I do, unlefs at the fame time, they can po- 
duce the Author I wrong, to prove their affertions. Such 
difingeduity as 1 have always moft carefully avoided, fo 1 
wiflvl had not toe much experience of it in the very feme 
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perfcm, who make it their bufinefs to detrad from that little 
ftare of Reputation I have in thefe things. But to return 
to the matter in hand, Let us demonftrate the following 

Proportion. 

The Meridian Line if a Scale of Logarithmick tangents of tie 
half Complement i of the Latitudes. 

For this Demonftration, it is requifite to premife thefe four 
Lemmata* 

Lemma. I. In the StereograpbickProjeftion of the Sphere upon 
the plain of the Equinodial, the diftances from the Center, 
which in this cafe is the Pole, are laid down by the Tan- 
gents of half thofe diftances, that is, of half the Comple- 
ments of the Latitudes. This is evident from EucL ij.2o. 

LemAl. In th? Stmographkk Proje&ion, the Angles, under 
which the Circlds interfed each other, are in all cafes equal 
to the Spherical Angles they reprefent: Which is perhaps as 
valuable a property of this ProjeBim $ as that of all the Circles 
of the Sphere thereon appearing Circles ; But this not being 
vulgarly known , muft not be affumcd without a Demcnfira- 
tim. 
Let E B PL be any great circle of the Sphere, E the Eye 

placed in its Circumference, 
C its Center,? any point there- 
of, and let FGO befuppofed 
a plain ere&ed at right Angles 
to theCircle EBP Z,,on which 
ECO we defign the Sphere to. 
be pro jefted. Draw E P crof 
fmg the Plain FC O in />, and 
p /hall be the point P projefted. 
I To the point P draw the Tan- 
p gent AP G, and bn any point 
thereof, as A, ere& a perpen- 
dicular AD, at right angles 
to the plain £BP£,and draw 
the lines PZ>, AC, DC: and the 
angle APD ftall be equal to 
the Spherical Angle contained 
between the plains APC, DPC. Draw alfo AE § J)E> inter- 
fering 
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fe&ing the plain FCO in the points a and d j and joyn a d, 
pd: I fay the friangle a dp is fimular to the triangle JDP, 
and the angle apd equal to the angle ^P£>, Draw PL % AK 
parallel to FO, and by reafon of the parallels, a p will be to 
ad as AK to AD : But ( by Eucl. 3. p.) in the triangle 
AKP, the angle AKP=LPE is alfo equal to APK=EPG 
wherefore the fides AK, AP are equal, and 'twill be, as 
ap to ad foAPtoAD. Whence the angles DAP, dap 
being right, the angle APD will be equal to the angle ap £ 
that is.the Spherical Angle is equal to that on the Projedion, 
and that in all Cafes. Which was to be proved. 

This Lemma I lately received from Mr* Ak de Mohre, 
though I fince underftand from Dr. Hook that he long ago 
produced the fame thing before the Society. However th# 
demon!! ration and the reft of the difccurfe is my own* 

Lemma III. On the Globe, the Rhumb Lines make equal 
angles with every Meridian, and by the aforegoing Lemma, 
they muft likewife make equal angles with the Meridians in 
the Stereografhick ProjeBion on the plain of the Equator : They 
are therefore, in that Proje&ion, Proportional Spirals about 
the Pole Point. 

Lemma IV. In the Proportional Spiral it is a known proper- 
ty that the angles BPC or the 
arches BD, are Exponents of the 
rativnes of BP to PC : for if the 
arch BD be divided into innu- 
merable equal pa^rts $ right 
lines drawn from them to the 
Center P, ftall divide the 
Curve BccC into an infinity of 
proportionals; and all the lines 
Pc fhall be an infinity of pro- 
portionals between PB and PC & 

whofe number is equal to all the points d,d f in the arch 
BD : Whence, and by what I have delivered in Num. 216, 
k follows, that as BD to Bd, or as the angle, BPC- to the 
angle BPc, fo is the Logarithm of the ratio of PBtoPC, to 
the Logarithm of the ratio of PB to Pc. 

I t From 
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From thefe Lemmata our Proportion is very clearly dte- 
monftrated : For by the firft, PB^ Pc, PC are the Tangents 
of half the Complements of the Latitudes in the Stereographkk 
TwjeBknt And by the laft of them, the differences ot Lon- 
gitude, or angles at the Pole between them, are Logarithms 
of the rations of thofe Tangents one to the other. But the 
Nautical Meridian Line is no other than a Table of the Lon- 
gitudes^nfwering to each minute of Latitude^ the Rhumb- 
line making an angle of 45* degrees with the Meridian. 
Wherefore the Meridian Line is no other than a Scale of 
Logarithmick Tangents of the half Complements of the La- 
titudes, Quod erat demonfimndum. 

CoroU. 1. Becaufe that in every point of any Rhumb Line, 
the difference of Latitude is to the Departure, as the Radius 
to the Tangent of the angle that Rhumb makes with the Me- 
ridian j and thole equal Departures are every where to the 
differences of Longitude, as the Radius to the Secant of the 
Latitude 5 it follows that the differences of Longitude are $ 
on any Rhumb, Logarithms of the fame Tangents, but of a 
differing Specm; beings proportioned to one another as are 
the Tangents of the angles made with the Meridian. 

CoroU. z. Hence any Scale of Logarithm Tangents. ( as* 
thofe of the Vulgar Tables made after Brigg's form ; or thofe 
made to JtiafUrs* or any other form whatsoever ) is a Table 
of the differences of Longitude, tothe federal Latitude up- 
on feme determinate Rhumb or other : And therefore, a$ 
the Tangent of the angle of ftch Rhumb y to the Tangent of 
any other Rhumb 1 So the difference of the Logarithms of 
any two Tangents, to the difference of Longitude, on the 
propofed Rhumb, intercepted between the two Latitudes, of 
whofe half Complements you, took the Logarithm Tan- 
gents. 

And flnce we have a very compleat Table of Logarithm 
Tangent* of Briggs form, publiihed by Vlacq* Jtnm\6%% % in 
his Canon Magnus Triangulorum Legarhhmeus, computed to tea 
Decimal places of the Logarithm, and to every ten Seconds 
©f the Quadrant, ( which feems to fee more than fcffieient 
for thenteeft escalator) I thought ffc to enquire the Qb- 
Ktiue angle, with which that Rhumb Line crofle&tfae MeA 

i minute 
thereof, 
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thereof, as in the Common Meridian Line. Now the mo- 
mentary augment or fluxion of the Tangent Line at 45 de- 
grees, is exa&ly double to the fluxion of the arch of the Cir- 
cle, ( as may eafily be proved ) and the Tangent of 45, be- 
ing equal to Radius, the fluxion alfo of the Logarithm Tan- 
gent will be double to that of the arch, if the Logarithm be 
of Napeirs form : But for Briggs form it will be as the fame 
doubled arch multiplied into, o, 43429, &c. or divided by 
2, J 02 5 8, &c. Yet this muft be underwood only of the ad- 
dition of an indivifible arch, for it ceafes to be true if the 
arch have any determinate magnitude. 

Hence it appears, that if one minute be fuppofed 
Unity, the length of the arch of one minute being 
,ooo29o888ao866j72i5'96i5*4 &c. in parts of the Radius, 
the proportion will be as Unity to 2,908882 &c. fo Radi- 
us to the Tangent of 71 1' 42" whofe Logarithpi is 
10. 46j726xi7207i8325'204 &c. and under chat angle is 
the Meridian interfered by that Rumb Line, on which the 
differences of Napeirs Logarithm Tangents of the half Comple- 
ments of the Latitudes are the true differences of Longitude, 
eftimated in minutes and parts, taking the firft Four Figures 
for Integers. But for Flactfs Tables we muft fay. 

As .2302^ 8cc. to 2908882 &c. So Radius to 
1,263 3 114? 8742445*692 12, &c. which is the Tangent of 
5 1 * 38' 9", anditsLogarithm io,ioi5 r io^4285'o772094ii6z 
&c. wherefore in the Rhumb Line, which makes an angle 
of 5 1 * ; 8' 9" with the Meridian, Vlacq 's Logarithm Tan- 
gents are the true differences of Longitude. And this com- 
pared with our fecond Corollary may fuffice for the ufe of 
the Tables already computed. 

But if a Table of Logarithm Tangents be made by ex- 
tradion of the root of the Infiniteth power, whole Index is 
the length of the arch you put, for Unity, ( as for minutes 
the ,0002908882th Sec. power) which we will call a; fuch 
a Scale of Tangents, fhall be the nue Meridian Line or 
fiim of all the Secants taken infinitely many. Here the 
Reader is defired to have recourfe to my little Treatife of 
Logarithms, publiftied in N° 216, p< 58. that I may not need 
to repeat it. By what is there delivered, it will follow, that 
putting t for the excels or defe<5t of any Tangent above or 
under the Radius or Tangent of 45- ; the Logarithm of the 

I i 2 ratio 



ratio of Radius to fuch Tangent will be 

* into p — ft* + \tn — Jt/tf + ^*>&e. 
when the arch is greater than 45^ or 

tintd* 4« |»-4- f** + I' 4 + t'S &c - 

tyhen it is left than 4 jf. And by the lame do&rine put 
ting T for the Tangent of any arch, and t for the difference 
thereof from the Tangent of another arch, the Logarithm* 
of their rath will be 

1 t tP t ■* t * . t * 

-into- 4. ^+- ^ + 41* + frv &c 

when T is the greater Term, or 

1 . f £* t * 5 * 4 ' * *~ 

when T is the leffer Term ; 
And if »a be fitppofed ,000*908882, 8Ea, = a, its red- 

U will be, 3437,7467707849 3 92 f 26, &c. which mul- 
tiplied into the aforefaid Series* ftall give precifely -the. differ 
xfiticfi of Meridional parts,, between the twa Latitudes to 
whofe half complements the ajTumed Tangents belong* 
Nor is it material from whether Pole you eftimate the Com- 
plements, whether the elevated or depreffed ; the Tangents 
being to one another in, the feme wtk a$, their Comple- 
ments, but inverted. 

In the fame Difcourfe Lalfo ffiewed that the Series might 
be made to converge twice as fwift,all the even Powers being 
omitted : and that putting t for thefum of the two Tan* 
gents the iameXogar ithm. would be, 

s *r. * , **"-. ** \ *?'_£ *** ^ 

—or ■— into .— - 4- - — : •+• *~1 4- ~~1 ~r rT* Kc * 
ma t ' jt j J fr* J 7T 7 ' 9T 9 i 

feutther^ier of t to** or of the fum of two Tangents tch 
their difference, is the Bme as that of the fine of the fum* 
of the. arches., to the fim of their difference. Wherefore if 
S: be put for the. fim Complement of the Middle Latitude, 
mi / for the fim of half the difference of Latitudes , the 
%ie Series will be 
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2 r . , s . i r . _. i f . s 7 . j* m 

if S ^ 3S? T jy.T 7S 7 ^ 95*% wc; 

wherein as the difference*of Latitude are fmaller, fewer fteps 
wHtfuffice. And if the Equator be put for the Middle La- 
titud% and confequently 5 = R, and x to the fine of the Lati- 
tt^thaMeridional parts reckoned from the Equator w$ be 

J. f. jL~ J _ JL — &r 

which iscolhcident with Dr. #WK/s folution in Numb, 176* 
And this lanie Series, beirtg half the Logarithm^ the rata* 
of JR 4* i tol? ~ /, that is, of the Versed-fines of the diftanees 
from, both Poles, does agree with what Dr. Barrow had 
fhewn in Ms XI. LeBufe. 

The fame ratio of t, to t may* be exprefTed alio by that 
of the Sum of the Co-fines of the two Latitudes, to the fine of 
their difference : As like wife by that of th& Sin* of the Sum of the 
two Latitudes, to the difference of their Co fines :• Or by that of 
the Ferfe&Jmeof the Sum of the Co-latitudes, to the difference of 
the fines of the Latitudes 1 Or as the fame difference of the fines 
of the Latitudes ,to the Verfed-fine of the difference of the Latitudes f 
all which are 1 in the fame ratio ol theGo-fine of the Middk* 
Latkudey to the Sine of half the diffidence of the Latitudes. 
As it were, eafie to demonftraie, if » the. Reader were not 
fuppofed capable to db it himfelf, upon a barejnfpe<5tion of a 
Shfcme duly reprefenting, thefe Lines. 

This, variety of Expseflion of the fame^fia I thought 
not fit to be omitted, becaufe by help of the rationality of 
the Sine of jp p , in all cafes- where the Sum or difference of 
the Latitudes is %&,, 60% 90^/ iao g11 or 150 degrees, foma 
one of them, wilt exhibit a fimple feries, whereirvgreat part 
of* the Labour will be faved: And befides I am willing ta 
give the Reader hi* choice which of thefe equipollent me-> 
thods to make ufe. of j but for his exercife fhall leave the pro- 
fecution of them,! a&d the compendia mfrng therefrom, to 
his own indiiftry. Contenting my Jelf to confider onjy the* 
former, which for all ufes ieems the moft convenient, whe- 
ther we-'defign- to make. the whole Meridian Liae^ or anjfj 
part thereof, viz,. 
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-into j+-pi+J?+755 + ^;,&a 

Wherein <* is the length of any Arch which you deffgn /hall 
be the Integer or Unity in your Meridional Parts; ( whether 
it be a Minute* League or Degree, or any other,) S the Co- 
fine of the Middle Latitude, and s the Sine of half the diffe- 
rence of Latitudes j But the Secants: being the Reciprocals 

of the Co- lines, S will be equal to inputting / for the Se- 

S rr 

cant of she Middle Latitude j and — into JL will be = 2 Ii 

a S ar 

IT 

This multiplied by -ii that is by ^fL, will give the fe- 
cond ftep : and that again by 2J~, the third ftep j and fo 

frrrr 

forward till you have compleated as many Places as you 
defire. But the fquares of the Sines being in the fame ratio 
with the Verfedfine* of the double Arches, we may inftead 

of — aflume for our Multiplicator J^. or the Verfed- 

3$S %V 

fine of the difference of the Latitudes divided by thrice 
the Verfed-fine of the fom of the Co-latitudes, &c. which 
is the utmoft Compendium lean think of for this purpofe, and 
the fame feries will become. 

i ■• 1 j 1 ir- 1-ttrrt IT - I — —in mi 1 I — * . I" "■ - 1 - <f" •" ' * 1 I , m * 

aS ^3 K + yr + 7^ J ^ 9 V* 

Kfereby we are enabled to eftimate the default of the me- 
thod of making the Meridian line by the continual addi ti- 
on of the Secants of sequidifferent Arehs, which as the dif- 
ferences of thofe Arches are fmaller, does ftill nearer and 
nearer approach the Truth. If we affume, as Mr. Wright 
did, the Arch of one Minute to be Unity, and one Minute 
to be the common difference of a rank of Arches t It will 
be in all cafes, As the Arch of one Minute, to its Chord : % 
So the Secant of the Middle Latitude, to the firft ftep of our 
feries. This by reafon of the near equality between a and 
2 /, which are to one' another in the rath of Unity to 
1—0,00000000352^6457713, &c, will not differ from the 

Secant 
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Secant / bat in the ninth Figure j being leg than it in that 
proportion. The next ftep being J^ -i-^ will be equal to 

the Cube of iJie Secant of the middle Latitude multiplied into 

lit S S M. ' 

*— ^rs 0,000060007051 3296S7 1 5| wMch therefore unlefi 

:~%OTT 

the Secant exceed ten times Radim, can never amount to 1 
in the fifth place. Thefe two fteps fuffice to make the Me- 
ridian Line or Logarithm Tangent to far more places than 
any Tables of Natural Secants yet extant* are computed to; 
but if the third ftep be required it will be found to be 

2 s * 

*4- /* into • — -4 s=s 0,000000000000000089498; By alt 

^ WW ¥ 

which it appears that Mr. Wright's Table does no where ex- 
ceed the true Meridian Parts by fuller half a Minute; 
which finajl difference arifes by his having added continu- 
ally the Secants of i',2',3',&c- infteadof o£' a i|,2'f, ;'|,&a 
But as it is, it is abundantly fufficient for Nautical Ujfes. That 
in- Sr. Jimm Moor's New Sjfteme of the Mathematicks h mtjcih 
nearer the Truth, but the difference from Wright is fcarce 
fenfible, till you exceed thofe Latitudes where Navigation 
ceafis to be pra&icable, the one exceeding the Truth by 
about half a Minute, the other being a rery final! matter 
deficient therefrom' 

For an example eafie to be imitated by whofo pfeafes, I 
feave added the true Meridional Parts to, the firft and laft 
Minutes of the Quadrant; not lb much that there is any 
occafion for fiich accuracy, as to ftiew that I have obtained, 
and laid down herein, the full DoSirine of thoitffiral Rhumbs 
which are of To great concern in the Art of Navigation. 

The firftMtnuie is l 1.0^000001410265*862178 
Tb#*Second # 2,00000005641063806797 

TheLaft,or 89*;$$ is 3 0574,96 343 1141 430864% 

and not 32348^279 as Mr. Wright has it, by the addition of 
the Secants of every whole Minute: Nor 50249,8 as Mr. 
Qughtred's Rule makes it, by adding the Secants of every 
other half Minute. Nor 30364,3 as Sir Jonas Moor had con- 
cluded it by I know hot what method, tho* in the reft of his 
Table he follow Qughtred. And 
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And this rrtay Suffice to &ew how to d&ive the; frue Me* 
ridianLine from the Sines, Tangents or Secants fuppofed 
ready made ; but we are not deftitute of a Method for de- 
ducing the tame independently* from the Arch it fel£ If 
the Latitude from the Equator beeftimated by tlte length of 
its Arch ^"Radiqs being Unity, and the Arch putibr an 
Integer be a $ as before j the Meridional Parts anfwering to 
that Latitude will be 

Jinto^ J^4^*+j§ A'or ^^fjjjjf A'orilllUA'ficc. 

which converges much fwifter than any of the former Series, 
and befideslbas theadvantage of^encreafing in Arithmetical 
progreffion, which would be of great eafe, if anyihould un- 
dertake ie novo to m*ke the Logarithm Tangent s y or the Me- 
ridian Line to many more places than now we have them. 
The Logarithm Tangent to the Arch of 45- -f- § A being no 
other than the aforefaid Series A»\*%A % -\-^ A f , &c. in 
Napeks form, or the lame multiplied into 0,4342 % &c. for 
BriggsX 

But becaufeall thefe Series towards the latter end of the 
Quadrant dfc converge exceeding (lowly, fo as to render 
this Method almoft ufelefs, or at leaft very tedious. It 
will be convenient to apply feme other Arts, by affuming 
the Secants of feme intermediate Latitudes ; and you may for 
i or the Sine of * the Arch of half the difference of Lati- 
tudes, lubftitute * — I *' -f T |* ** — ^ *7 ^ T# | iw tf ? &c 
according to Mr. Newton's Rule for giving the Sine from the 
Arch j And if * be no more than a degree, a very few 
iteps will fuffice for all the accuracy that can be defired. 

And if a be commenfurable to a, that is, if it be a certain 
number of thofe Arches which you make your Integer , 

then will ~ be that number : which if we call 0. the parts 
of the Meridional Line will be found to be. 
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In this the firft two fteps are generally fufficieat for Nau- 
tical ufes, efpecially when neither of the Latitudes exceed 
60 degrees, and the difference of Latitudes doth not pafs 
30 degrees. 

But I am (enfible I have already faid too much for the 
Learned, tho' too little for the Learner j to fuch I can re- 
commend no better Treatife, than that of Dr. WaHis in 
Numb. 176. wherein he' has with his uliial brevity, and that 
perfpecuity peculiar to himfelf, handled this Subjeft from 
the firft Principles, which here for the uioftpart wefup- 
pole known. 

I need not fliew how, by regreffive work, to find the La- 
titudes from the Meridional Parts, the Method being fuffi- 
ciently obvious. I fhall only conclude with the propofal of 
a Problem which remains to make this Do&rine complex 
and that is this. 

A fliip fails from a given Latitude, and having run a cer- 
tain number of Leagues, has altered her Longitude by a gi- 
ven angle. It is required to find the Courle fiie fteared; 
Thefolution hereof would be very acceptable, if not to tfre 
publick, at leaft to the Author of this Trad, being likely td 
open fome further Light into the Myfteries ,pf Geometry. 

To Conclude, I ihali only add, that Unity being Radius, 
the Co fme of the Arch A, according to the fame Rules of 
Mr. Newton, will be 

from which and the former Series exhibiting the Sim by the 
Arch, by divifion it is eafie to conclude, that the Natural 
Tangm to the Arch A is 

Kk A 
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^ + t .^ 4- »t ^* + & A* 1 .+ nS >*•$*. 

and the Natural Secant to the faibe Arch 

and from the Arithmetic!* of Infinite^ the Number of thefe 
Secants being the Arch £> it foHows, that thf fum Total 
of all the Infinite Recants on that A,rch is 

A+i4*$- J # -k & A 7 + rffl, <*' &c 
the which, by what foregoes, is the Logarithm Tangent^ of 
Napeirs form^forthe Arch of 45* f -f- 1 A, as before. 

find Colle&ing the Infinite Sum of all the Natural Tan- 
gents on the faid Arch A, there wilharife 

\ A A ^ x l A 4 *$~ & A 6 + $h A 8 -f 4f^ ^ Re. 
twhich*?i$ be found to be the Logarithm of the Secant of 
lie fame Arch A. 
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N this Treatifij the Learned Author demonftrates the 
_ Principal Laws of Reflexion and Refra&ion* with- 
out: retaining himfeif to any Se& of PhUo&phers;, as 
^[fotJb properties of plain and fpherical Surfaces in, re- 
fjfe<9tipg and refra&ingof Ray**, and by the way ihews 
how it comes that fpherieal Surfaces produce the fame 
efle&s with thole of certain Spheroids and Conoids, viz. 
becaufe they have the fame degree of Curvature. In 
the Catoptric* he determines the place of the Image, 
when the Objeft and the Eye are not in the fame 
axis of the reflecting Sphere : an iijqonvenienee that 
Efioptrical Machines are not fubjefl: to. 

Then he proceeds to determine the fituatioi»afidll)igr 
nefsof the Images of ftnfibly big Obje&s, with the 

quan- 



